In addition to accomplish the main goal of this grant proposal, i.e. to generating mice with estrogen receptor (ER) alpha gene ablation in the mammary gland of mcie, we have also carried out other tasks. A summary of our findings follows: (1) In order to identify targets of ER-alpha, ER-beta genes, we used microarray and profiled the targets for estrogen and bis phenol-A. This will be of help in understanding the mechanism by which different ligands function in the breast cancer cells. (2) We identified the F-domain of ER-alpha as playing an important role in the regulation of ER activity. (3) We constructed ER-alpha targeting vectors and generated ER-alpha embryonic cell lines. (4) We generated floxed ER-alpha mice, which will be used to generate tissue specific mice (e.g. mammary). Thus these tools and results will be of great use in understanding breast cancer disease process with reference to the role of estrogen receptor. In the final Progress Report we will describe our work with ERa mutant (K303R); yeast two-hybrid studies with ERa /ERp heterodimerization; non-genomic action of estradiol and our accomplishments related to the main focus of the DODfunded project, i.e. generation of conditional ERa knock out (KG) mice.
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Study on human ER-K303R mutant:
We have used the cDNA encoding ER (K303R) to stably transfect an ER null cell line called C4-12, using the G418 selection system. The stable cell line was tested for expression of the transgene by Western blot analysis.
Protein-protein interactions between ERa and ERp.
We have expanded the yeast two-hybrid experiments to study the interaction between ERs and the receptor coactivators and concluded that the F-domain of the receptor affects the estrogen-dependent interactions between p160 coactivators and the estrogen -bound ERs.
Studies with C4-12 breast cancer cells.
In this study, our most exciting achievement has been the establishment of breast cancer cell lines expressing ERa, ERp, K303R or ERa/p. We have now systematically begun to analyze these cell lines to determine the target genes for ERs. In the first set of such an experiments, we challenged the ERa expressing cell line with vehicle, estradiol or an environmental estrogen bis phenol-A (BPA) and analyzed the gene expression pattern with microarray technology. The intriguing observation is tliat some genes that are induced by estradiol are actually inhibited by BPA and the two ligands showed a different expression patterns. We have further confirmed the expression of some of these genes by real time PCR and focused on one of the protooncogenes, c-myb whose expression has been previously seen in breast cancer patients. We have cloned and sequenced its promoter, which revealed no consensus estrogen response element (ERE). Our current hypothesis is that C-myb is induced by estradiol and BPA through AP-1 elements on c-myb promoter.
Estrogen receptor-a gene-targeting vector and ES cell lines:
We have finished the construction of the ERa targeting vector and produced ES cell lines. The details are provided below:
Construction & characterization of the ERa aene-tarqetino vector. In order to make the targeting vector, we originally focused to delete exon 2 and obtained a mouse genomic DNA clone harboring a 10kb BamHI fragment of mouse ERa gene. We however revisited the issue and decided to focus on deleting exon 3. This was prompted by the fact that knockout mice carrying exon 2 deletion in the genomic KO (reported by Ken Korach) some low levels of truncated ERa expression persisted.
We obtained the exon 3 DNA fragment (pBC-ERa-BamHI) from Jan Ake Gustafsson (Karolinska Institute). The pBC-ERa-BamHI construct was amplified and analyzed by restriction enzyme digestion and sequencing ( fig. 1 ). We have confirmed that the 9.2 kb insert is the ERa genomic fragment and harbors exon3 ( fig. 2 ). Utilizing a series of cloning steps, we designed the ERa conditional Knockouttargeting construct according to a scheme presented in Figurel. In order to screen the targeted ES cell clones more efficiently, we introduced a negative selection gene, HSV TK, into the Clal site of pBCSK vector (Stratagene). The "Floxed PGK-Neo cassette" was inserted into the Eco47lll site on the 3' side of exonS. The 46bp LoxP-BamHI fragment was inserted into the Nhel site on the 5' side of exonS. The targeting construct was confirmed by BamHI Digestion (fig 3) and DNA sequencing. The complete sequence of the 12.6 kb targeting construct was fully sequenced. We then blasted our DNA sequence in the Celera gene and found 97% homology with the Celera mouse genome. At this stage we decided to electroporate the targeting construct into the ES cells.
Electroporation of the targeting construct into ES cells.
The KO construct was linearized with Pmll and electroporated into embryonic stem (ES) cells. Most ES cells were killed by G418 treatment, but 30 single clones were obtained after the selection with G418 at a concentration of 240|ag/ml. The ES clones were cultured in 24-well plates to full confluence and lysed overnight for the isolation of their genomic DNA. 5' and 3' PCR primers were designed to detect the targeted allele ( fig. 4) . The ES clones have been screened with ERKO 3' and 5' primers to detect the 5.2kb and 4.7 kb targeted alleles, but our PCR screening did not find targeted clones. The reason that most ES cells were killed was because of the reduced G418 resistance, resulting from a natural mutation in the Neo gene on our construct. 
Repairing the Neo gene on the targeting construct
We decided to fix the mutation in our knockout construct with site-directed mutagenesis. The mutation was repaired on the pFloxNeo plasmid. The mutant Neo on the KO construct was then replaced with the fixed Neo gene. The KO construct was then linearized with Pmll and electroporated into ES cells again.
Screening of targeted ES clones
After electroporation, about 290 ES clones were amplified after the G418 selection. Genomic DNA was extracted from the lysate of the ES cells. Two sets of PCR primers, ERKO 5'-Neo and ERKO 3'-Neo, were used to screen the targeted ES clones. Both 5' and 3' primers are from flanking region of the targeting locus (fig. 4) . 3 positive clones were identified by PCR (figure 5). For confirmation, the 5' and 3' PCR products of the positive clones were subjected to Southern Blot with 3' and 5' outside probes. The PCR Southern experiment confirmed that the PCR products are from the targeted alleles (figure 6). Genomic DNA from the positive clones was digested with BamHI and probed with 5' outside probe, a 1.1 kb DNA fragment generated with NotI and Pmll double digestion on the ERKO construct. Two positive clones, D34 and D93, were re-confirmed by the Southern Blot (figure 7).
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Figure 7
Confirmation of the targeted ES clones with Southern Blot. Genomic DNA of the targeted clones identified by the PCR screening was digested with BamHI and probed with the 1.1 kb 5' outside probe. The wild type ES cells (WT) showed 9.2kb bands. The target ES clones, 34 and 93, showed 4.6kb targeted allele bands in addition to the 9.2 kb wild type bands.
Identification of the Floxed ERa ES clones
It has been reported that insertion of a Neo gene will affect the phenotype of knockout mice. We decide to delete the Neo gene in our Targeted ES clones. The Cre recombinase plasmid was electroporated into the mixed targeted clones (D34 and D93) to delete the Floxed Neo gene. We got 30 G418 sensitive clones from the selection. The clones were screened with ERKO 5'-Neo and ERKO 3'-Neo primers. No PCR product can be amplified from the 30 clones. This result confirmed that the Neo gene has been deleted from our ES clones. Since there are three possible recombinations by the Cre treatment, these negative clones were further screened with primers that amplify the region between LoxP1 and LoxP3. 1050bp fragment will be amplified if only the Floxed Neo gene is deleted. A 500bp DNA fragment will be amplified if both exon 3 and the Floxed Neo are deleted by Cre recombinase. Since only one allele of a ES clone was expected to be targeted, we will see the 970bp wild type allele band in all the ES clones. As the Floxed Neo gene was deleted in all the clones we did not see the 1.7 kb band resulting from the recombination of LoxP1 and LoxP2. We found 3 Floxed ERa ES clones in our screen (Figure 8) . One of the 3 identified clones, E84, was confirmed with Southern blot using 3' probe ( Figure 9 ). 
Generation of the Floxed ERa mice
The ES cells from clone E84 were introduced into pseudo-pregnant mice. Four agouti males were born. Breeding with black 6 females, a 95% agouti chimera generated 4 agouti pups in the second litter. Genotyping the mouse-tails showed that 3 of the 4 agoutis are Floxed ERa mice (Figure 10 ). We are breeding the 
